. TEM images of the used raw MWCNTs after dispersion in water with sodium dodecyl sulphate and tip sonication. Figure S5 . X-ray Photoelectron Spectroscopy (XPS) of MWCNT-[Gd 2 ac]. High resolution spectra of the C 1S and Gd 4p region (top), the Gd 3d region (middle) and the Gd 4d region (bottom).
The C 1s peak is typical of oxidized MWCNTs with one main component corresponding to the graphite-like core (284.2 eV) and a broad shoulder at higher binding energies corresponding to C at various degrees of oxidation, including carboxylic groups. The Gd 4p 1/2 peak appears at the end of this shoulder (288.4 eV) and the broad Gd 4p 1/2 is at ca. 272.5 eV. The Gd 3d spectrum has two main peaks corresponding to the Gd 3d 3/2 (1220.1 eV) and the Gd 3d 5/2 (1187.8 eV), in addition to two shake-up peaks (1227.1 and 1197.2 eV). These binding energies, and in particular that of the Gd 3d 5/2 are consistent with Gd in a +3 oxidation state. 1,2 The Gd 4d spectrum shows a multiplet structure, with one main peak at 143.0 eV, a second weaker peak at 148.8 eV, and a broad satellite ca. 30 eV above the main peak (171.8 eV). This complex spectrum likely arises from the electrostatic interactions between the 4d hole and 4f electrons, significant due to the same principal quantum number of both shells. Figure S14. Thermal conductivity of the LR White acrylic resin for electron microscopy. Figure S15 . Details of the setup used for thermal conductance measurements and samples used for these measurements. Figure S16 
Modelling of the intrinsic thermal conductivity and direct MCE measurements
In our experiments, the cylindrically-shaped sample of bulk-[Gd 2 ac] lies on top of a sapphire platform (see scheme below), which is mechanically suspended and thermally connected to a thermal bath, hold at constant temperature 0 T , by wires of known thermal conductance K w (T). At liquid-helium temperatures, platform, thermometer and wires contribute negligibly to the heat capacity, which is then entirely determined by the sample. We assume that the temperature of the sample (a) is homogenous along any direction parallel to the sapphire platform, (b) has a gradient along z , i.e., the direction perpendicular to the sapphire platform.
For any time-instant t in which the applied magnetic field B varies continuously, we simulate the evolution of the temperature, ) , ( z t T , across the sample. Specifically, we discretize the height, h , of the sample into 32 sections and calculate the temperature for each section, although only the following values of the heights are recorded as representative ones, namely 0  z (i.e., in contact with the platform),
and h . All relevant parameters are considered as data inputs in our simulation.
Next, we derive the equation which describes the heat conduction. Let us consider one mass unit of magnetocaloric material in the bore of a superconducting coil, which produces a magnetic field B . The work done by an external source to hold a current in the superconducting coil is (1) to (2), we obtain:
The heat gained through conduction by any volume V of the magnetocaloric material in an infinitesimal time interval dt is given by where Q J is the heat flux density, A is the surface enclosing V , and  is the intrinsic thermal conductivity of the sample. In (4) we make use of the Fourier law and the divergence theorem. The intrinsic thermal conductivity is included in our simulations by fitting the experimental data in Figure 4 
thus, yielding:
Finally, dividing each term by dt and considering that, in one dimension, the Furthermore, we determine the adiabatic temperature ad T , viz., the temperature if the sample would have been kept thermally isolated, using the same method we employed for other works. 5 Briefly, we note that the non-adiabaticity induces 
